We have previously demonstrated that recombinant 7-interferon (7IF) inhibits thyroid cell proliferation in vitro. We now demonstrate differential regulation of thyroid cell genes by recombinant 7IF, as evidenced by data obtained measuring thyroglobulin ( 
proliferation. Furthermore, recombinant rat 7-interferon (7IF), in concentrations greater than 1 U/ml, induces both MHC class II specific mRNA transcription and antigen expression (5, 6) . We have also shown that Fisher rat thyroid cells, which are induced to express MHC class II surface antigen, are capable of initiating syngeneic Fisher rat CD4+ (helper) T cell proliferation (7) .
When proliferating rat thyroid cells are exposed to 7IF, there is a marked diminution in thyroid cell proliferation, which can be partly overcome by high concentrations of TSH (5) . Such inhibition of growth is a commonly observed effect of 7IF in a variety of cell types (8) . In thyroid cells, other metabolic functions are similarly depressed. For example, thyroglobulin (Tg) secretion is diminished (9) . However, Tg production and secretion are TSH dependent, yet the cAMP response to physiological concentrations of TSH is unchanged in the presence of 7IF (10) suggesting that such an effect of 7IF is post-TSH receptor.
Hence, within the 7lF-treated thyroid cells a complex series of events are unfolding which may have a major influence on thyroid cell immunoreactivity. The present series of investigations was, therefore, designed to explore the interrelationship between MHC class II gene induction and the simultaneous inhibition of Tg secretion.
INTRODUCTION
The proliferating Fisher rat thyroid cell line (FRTL-5) has proven a useful in vitro model for examining the control of MHC class II gene regulation (1) . Since human thyroid cells proliferate poorly in culture (2), and both human and rodent thyroid cells express MHC class II antigens in the presence of thyroiditis (3), we have been investigating the role of MHC class II antigens using the 1B-6 clone of thyroid cells derived from FRTL-5 (4-6). The 1B-6 cells exhibit high sensitivity to TSH, as assessed by cAMP generation, and are dependent on TSH for
In preliminary studies of rat Tg mRNA, total cellular RNA from 1 B-6 cells grown in 6H medium and lysed with guanidinium isothiocyanate was fractionated by agarose gel electrophoresis and probed with a rat genomic Tg probe overfapping the 5' end of Tg mRNA. The probe contained 640 bases upstream of the AUG start codon and 175 bases downstream, which included the first exon. In untreated cells the probe hybridized to a band of about 9.0 kilobases (kb), corresponding to mature Tg mRNA (11) , as well as a previously unde- 
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(data not illustrated). In other experiments the 9.0-kg Tg mRNA was not detected in the cytoplasmic fraction of cells lysed by the detergent Nonidet P-40, even when ribonuclease inhibitors were used, indicating a high degree of lability; the 1.1-kb species was noted in these preparations, but its level was less than that in total RNA prepared by lysing the cells in guanidine isothiocyanate. In cells grown in the presence of recombinant rat 7IF, the levels of both hybridizing species were diminished.
To further characterize the 1.1-kb band noted above, an oligonucleotide probe containing only the Tg-coding sequence was employed. The result (Fig. 1A) was the same as obtained with the genomic probe, i.e. both 9.0-and 1.1-kb transcripts were detected. Furthermore this probe hybridized equally well to both transcripts, since removal of probe from filter-bound transcripts occurred at the same T m (Fig. 1B) . This 1.1-kb RNA was not seen in rat brain, liver, kidney, or testis (data not illustrated). Since there was consistently less background using the oligonucleotide probe, it was employed in all subsequent studies.
Influence of 7IF on Tg mRNA
The effect of 7IF on Tg transcripts was further investigated by maintaining 1B-6 cells in different concentrations of the cytokine for 5 days. Within the range employed (0-1000 U/ml), there was a dose-dependent decrease in both hybridizing RNA species ( Fig. 2A) . Simultaneously, MHC class II transcripts, which could not be detected in untreated cells, were presented at high levels in 7lF-treated cultures (Fig. 2B) . The levels of /3-actin mRNA were unaffected by 7IF in the concentrations used (data not illustrated).
The FRTL and FRTL-5 Parent Cell Lines
The variation within the FRTL-5 thyrocyte line, from which the subclone 1B-6 was derived, has previously been emphasized (4) . It was, therefore, important to determine whether 7IF inhibited Tg mRNA in the original line and whether both hybridizing species seen in 1 B-6 extracts could also be detected in FRTL-5. Affirmative answers were provided by the results shown in Fig. 3 . Both 9.0-and 1.1-kb transcripts were detected in FRTL-5 cells, and both were diminished by 7IF. The same held true for FRTL cells, the parental line from which the hormone-dependent FRTL-5 was itself selected (Fig. 3 ). In both cell lines high levels of MHC class II transcripts could be induced by 7IF (Fig. 3B) , whereas /3-actin transcripts were unaffected by 7IF (Fig. 3C ). Cells were incubated for 5 days in the presence of different 7IF concentrations. RNA was extracted and analyzed as described in Fig. 1 . The blot was developed first with the Tg oligonucleotide probe (A); after removal of this probe, the blot was developed with an MHC class II probe (B). Exposure times were 3 days (Tg probe) and 1 day (RT1 .D probe). The gel lanes and concentrations of 7IF were: 1, 0; 2, 20 U/ml; 3, 50 U/ml; 4,100 U/ml; 5, 500 U/ml; and 6,1000 U/ml. An RNA sizing ladder (BRL) contained species of the indicated lengths. A more quantitative examination of these data is shown in Fig. 4 , based on densitometric tracings of the results shown in Figs. 2 and 3 . It should be noted that the RNAs from the three cell lines were run on the same gel, transferred onto the same membrane, and incubated with the same probe, validating comparisons among them. It can be seen that within each strain the 9.0-kb and 1.1-kb transcripts are equally sensitive to 7IF, i.e. they diminish in roughly parallel fashion. However, there are significant differences among the lines in the absolute amounts of these transcripts and the ratios of the 9.0-and 1.1-kb forms. For example, 1B-6 controls contained more than double the amount of 9.0-kb Tg mRNA found in FRTL-5 and FRTL controls, in keeping with our earlier report of the 1 B-6 cells being highly reactive to TSH. (4) . The most responsive subclone, 1 B-6, has remained stable since its isolation in 1986. In previous studies we have characterized the 1 B-6 clone as a highly sensitive system for investigating the regulation of thyroid cell MHC class II gene expression by cytokine (5, 6). Although there was no evidence for constitutive expression of MHC class II transcripts, high levels of transcription were induced by mitogen-stimulated spleen cell supernatant or recombinant rat 7IF (5, 6) . Furthermore, these responses were dose dependent and required TSH. We also established that 7IF inhibited the growth and proliferation of IB-6 thyroid cells (5) .
DISCUSSION
In the present studies we show that the same cytokine, recombinant rat 7IF, which induces MHC class II gene transcription, down-regulates the expression of the Tg gene, which is normally expressed at high levels in these cells. Such data are in agreement with previous evidence that Tg release is inhibited by 7IF in human thyroid cells (9) . Whether there could be a mechanistic correlation between these two effects and/or a causal relation to the antigrowth influence of 7IF (8) is beyond the scope of this study. Although the repressed levels of Tg mRNA seen at 1000 U/ml 7IF were similar among the three cell lines examined, there were differences with respect to the control levels of Tg mRNA and the dose-response patterns (Figs. 2 and 3 ). This probably reflects the heterogeneity of the FRTL-5 (and FRTL) lines previously mentioned. The induction of thyroid cell MHC class II antigens by 7IF has led to the suggestion that thyroid cells are able to act as antigen-presenting cells. In autoimmune thyroid disease, such cells may present thyroid antigens, such as Tg, directly to Tg-reactive T helper cells (3, 12, 13) . If, however, the production of Tg is inhibited significantly at the time MHC class II antigens are induced, then acquisition of antigen-presenting cell potential may be insignificant. However, the concentration of 7IF required to induce MHC class II was significantly less (<10 U/ml) than the concentration required to inhibit Tg mRNA (>100 U/ml), and the physiological interplay of these regulatory mechanisms requires further delineation.
These studies also demonstrated the presence of a 1.1-kb RNA species which hybridized to both probes used to detect the 9.0-kb Tg mRNA. Since the FRTL-5 model has been so widely used to study thyrocyte function, it is somewhat surprising that the 1.1-kb RNA has not previously been reported. Most likely, this reflects the utilization of cDNA probes further 3' within Tg mRNA. The oligonucleotide probe is a 24-mer corresponding to amino acids 3-10 of the Tg polypeptide. These amino acids comprise a portion of the signal sequence, which is 20 amino acids long in rat Tg (14) . It is possible that the 1.1-kb RNA coincidentally shares the same 24-base sequence with the 9.0-kb Tg mRNA, and yet is the product of another gene which is also down-regulated by 7IF. Less likely is the possibility that the 1.1-kb species is a stable degradation product of Tg mRNA, since the guanidine isothyocyanate method used for our preparation has yielded high levels of undegraded mRNAs even from cells containing high levels of RNAase A (15) . The smaller species may represent a functional mRNA species which is either a truncated or alternatively spliced form of the 9.0-kb Tg mRNA. We are currently examining these possibilities.
MATERIALS AND METHODS

Cell Culture
The continuously proliferating TSH-dependent 1 B-6 cells were cultured in 85-mm dishes as previously described (5), using a six-hormone supplement and Ham's modified F-12 medium, designated 6H. All cells were cultured in 5% calf serum (Gibco, Grand Island, NY; non-TSH depleted) and antibiotic supplements (100 lU/ml penicillin and 100 fig/tr\\ streptomycin) . Cultures were fed twice weekly with 6H medium and passaged every 10 days using the original chicken serum trypsin procedure (1). Conditions for maintenance and passage of FRTL and FRTL-5 cells were identical to these. To examine the effects of 7IF on transcription (see below), the subconfluent monolayers were cultured in 6H medium containing recombinant rat 7IF (a gift from Dr. P. van der Meide, Rijswijk, The Netherlands) for 5 days without changing the medium.
RNA Isolation
Total cellular RNA was prepared from thyrocyte monolayers essentially as described by MacDonald et al. (15) . Briefly, monolayers were washed in PBS, and lysed with 2 ml/dish 50% guanidinium isothiocyanate-0.5% sarcosyl-1 mM 2-mercaptoethanol. The lysates were homogenized with 10 strokes in a tight-fitting Dounce homogenizer and layered onto 1.25-ml cushions of 5.7 M CSCI-0.1 M Na 2 EDTA, pH 7.2, in 5-ml polyalomer tubes (Beckman, Palo Alto, CA). After centrifugation for 18 h (35,000 rpm; 20 C) in a Beckman SW50.1 rotor, supernates were aspirated down to about 0.5 cm above each RNA pellet. The remainder was poured off, and the area around each pellet in the inverted tubes was wiped dry with a sterile swab. The bottom of each tube (~1 cm) was removed with a sterile scalpel blade, and the RNA pellet was rinsed twice at room temperature with 70% ethanol. Each air-dried pellet was dissolved in 180 fi\ autoclaved TES (10 mwi Tris-HCI, pH 7.4; 1 mM Na 2 EDTA; and 0.1% sodium dodecyl sulfate). After adding 20 ti\ autoclaved 5 M NaOAC, pH 5.5, the RNA was precipitated by adding 500 »\ ethanol and storing the tubes overnight at -2 0 C. Precipitated RNA was pelleted by centrifugation for 30 min (15,000 rpm; 23 C) in a microfuge. Air-dried pellets were dissolved in sterile TE (10 mwi Tris-HCI, pH 7.2,1 mM EDTA) and quantitated by measuring absorption at 260 nm (using 1 absorbance unit = 50 ng). A typical yield was 80-100 M9 RNA/plate.
Preparation of Probes
Specific RNA transcripts were detected by Northern blot analysis (below) using 32 P-labeled DNA probes. We previously defined the rat RT1 -D and /3-actin probes used in this study as well as their labeling by the random primer method and employment in Northern blot analysis (6) . Two Tg probes were used. The first was synthesized from an 815-basepair (bp) fragment of rat genomic DNA comprising 640 bp upstream and 175 bp downstream of the AUG start translation codon. This probe was provided by Dr. R. Cone, New England Medical Center (Boston, MA) and obtained from a rat genomic library probed with the plasmid ph Tg 1 containing human Tg sequences from Dr. G. Vassart (Brussels, Belgium) (16) . This insert was released from the Sac site of pBS (+/-) (Stratagene, Inc., La Jolla, CA), gel purified and labeled by the random primer method as previously described.
A second Tg probe was an olgionucleotide (24-mer) which was complementary to codons 3-10 of rat Tg mRNA (14) . This probe was made by extending the octamer 5' AGTC-GAGA 3' on the 24-mer 5' ACCTTGGTCTTGTGGGTCT-CGACT 3' in the presence of [ 32 P]dATP and [ 32 P]dCTP (each 3000 Ci/mmole; New England Nuclear) using random primer conditions in the absence of any nonlabeled dATP or dCTP. The double-stranded product was excised from a nondenaturing polyacrylamide gel and eluted from the crushed gel slice by diffusion into several milliliters of TE buffer. The probe was denatured by boiling for 10 min, then quick-chilled in an ice-H 2 O bath. It was adjusted to 6 x NET (0.9 M NaCI, 0.18 M Tris-HCI, pH 8.0, I mM EDTA), 5 x Denhardts, 0.5% Nonidet P-40 by adding concentrated stocks. These conditions were described by Conner et al. (17) , except that we omitted dextran sulfate. Usually, the probe contained 1-3 x 10 6 cpm/ml; assuming total conversion of octamer to 24-mer, the specific activity was usually between 1-3 x 10 9 cpm/^g.
Northern Blot Analysis
Total cellular RNA (25 ^g/'ane) was fractionated by electrophoresis in a 1 % agarose gel made in running buffer (0.1 M NaPO 4 , pH 6.8, and 1 mM Na 2 EDTA). RNA samples were denatured by incubation (30 min; 50 C) in running buffer containing 50% dimethylsulfoxide and 14% deionized glyoxal, then chilled on ice before electrophoresis. Ethidium bromide 2 h) in a vacuum oven. They were prehybridized for 2-3 h at 45 C in sealed bags containing hybridization buffer (above), which was then replaced with hybridization buffer containing denatured probe. After overnight incubation at 45 C, filters were rinsed and washed in 2 x SSC and 0.1% sodium dodecyl sulfate for 1 h at 23 C, then for 1 h at 45 C or the indicated temperatures (Fig. 2) . Filters were blotted dry, sealed in plastic film, and exposed to x-ray film (X-Omat, Eastman Kodak, Rochester, NY) for the indicated times; a single intensifying screen (Lightening Plus, DuPont, Wilmington, DE) was used during development.
